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,QWURGXFWLRQ
7KHFRPSDFWVXEWURSLFDOFLW\RI+RQJ.RQJLVSDFNHGZLWKGHQVHURDGVDQGEXLOGLQJVFUHDWLQJDODE\ULQWKWKDW
WUDSVKHDWIURPGLUHFWLQFRPLQJVRODUUDGLDWLRQDQGDQWKURSRJHQLFDFWLYLWLHV7KHUHVXOWLQJXUEDQKHDWLVODQG8+,
HIIHFWIXUWKHUH[DFHUEDWHGE\FOLPDWHFKDQJHKDVOHGWRDZDUPLQJWUHQGDQGPRUHH[WUHPHZHDWKHUHYHQWV
)XUWKHUPRUHWKHJUDYHVKRUWDJHRIHDVLO\GHYHORSDEOHODQGKDVHQJHQGHUHGDFLW\ZLWKLQDGHTXDWHVXSSO\RIJUHHQ
VLWHVDQGKHQFHGHSULYDWLRQRIWKHLUFRROLQJFDSDFLW\7KHEXLOWXSDUHDVKDYHVXIIHUHGIURPPRUHRFFXUUHQFHVRI
YHU\KRWGD\!&DQGKRWQLJKW!&SKHQRPHQDZKLFKLQGLFDWHULVLQJWHPSHUDWXUHV
,WLVEHFRPLQJLQFUHDVLQJO\FKDOOHQJLQJIRUFLWLHVWRPDLQWDLQWKHUPDOO\FRPIRUWDEOHWHPSHUDWXUHUDQJHV+HDW
VWUHVVZRXOGDGYHUVHO\DIIHFWRXWGRRUDFWLYLWLHVDQGH[WUHPHFRQGLWLRQVOLNHKHDWZDYHVZRXOGSRVHVHULRXVKHDOWK
WKUHDWV(OHYDWHGXUEDQWHPSHUDWXUHVFDQLQFUHDVHWKHQHHGIRUDLUFRQGLWLRQLQJDQGLQGXFHXSVWUHDPHPLVVLRQRI
JUHHQKRXVHJDVHVDQGDLUSROOXWDQWVDWSRZHUSODQWV0RUHRYHULWFDQGHJUDGHDLUTXDOLW\E\FDWDO\]LQJR]RQHDQG
VPRJIRUPDWLRQ5HFHQWUHVHDUFKILQGLQJVKDYHKLJKOLJKWHGWKHLPSRUWDQWUROHSOD\HGE\XUEDQYHJHWDWLRQLQ
FRROLQJFLWLHVDVDVROXWLRQWRWKHDERYHSUREOHPV+LJKTXDOLW\DQGDSSURSULDWHO\ORFDWHGXUEDQYHJHWDWLRQFDQ
PD[LPL]HHIIHFWLYHHYDSRWUDQVSLUDWLRQFRROLQJWKURXJKDEVRUSWLRQRIODWHQWKHDWDVZHOODVUHGXFLQJWKHDPRXQWRI
VRODUUDGLDWLRQUHDFKLQJWKHJURXQGE\VKDGLQJDQGUHIOHFWLRQ7KHERGLHVRIXUEDQJUHHQLQIUDVWUXFWXUHVKDYHEHHQ
DSWO\ODEHOOHGµFRROLVODQGV¶LQFRQWUDVWWRWKHKHDWHGDUWLILFLDOXUEDQIDEULFDURXQGWKHP
1.1. The urban heat island effect 
8+,LVGHILQHGDVWKHGLIIHUHQFHLQXUEDQWHPSHUDWXUHVDQGWKHWHPSHUDWXUHLQWKHVXEXUEVRUQRQXUEDQSRFNHWV
HPEHGGHG LQ EXLOWXS DUHDV 7KHXUEDQ DUHD LV REVHUYHG WR EHZDUPHUZLWK ORZHU UHODWLYH KXPLGLW\ DQGZLQG
YHORFLWLHV +LJKGHQVLW\ XUEDQ GHYHORSPHQW DQG SDXFLW\ RI XUEDQ YHJHWDWLRQ FRXOG IXUWKHU DJJUDYDWH WKH 8+,
HIIHFW

'DUNEXLOGLQJDQGSDYLQJ VXUIDFHVKDYH VWURQJHU WKHUPDO DGPLWWDQFH LH KHDW DEVRUEDQFH FDSDELOLWLHV WKDQ
OLJKWHUWRQHGFRXQWHUSDUWV)XUWKHUPRUHSRSXODUFRQVWUXFWLRQPDWHULDOVVXFKDVDVSKDOWFRQFUHWHDQGJODVVDEVRUEV
ODUJHDPRXQWVRIKHDWIURPVRODUUDGLDWLRQDQGWKHVWRUHGKHDWLVUHDGLO\WUDQVPLWWHGWRWKHVXUURXQGLQJVPDLQO\E\
FRQYHFWLRQ DQG ORQJZDYH UDGLDWLRQ ([WHQVLYH FRYHUDJH E\ DUWLILFLDO LPSHUPHDEOH PDWHULDOV DQG PHDJHU
SUHVHQFHRIYHJHWDWLRQFKDUDFWHUL]HWKHW\SLFDOFRPSDFWXUEDQIRUPLQFRPSDULVRQWRWKHVXUURXQGLQJFRXQWU\VLGH
2Q WRS RI LQFRPLQJ VRODU UDGLDWLRQ LQ WKH IRUP RI VKRUWZDYH UDGLDWLRQ KHDW DQG KHDWUHWDLQLQJ SROOXWDQWV DUH
UHOHDVHG DV D UHVXOW RI LQWHQVH KXPDQ DFWLYLWLHV DQG VRDULQJ HQHUJ\ XVH OHYHOV HJ WUDIILF DQG EXLOGLQJV
)XUWKHUPRUHGHQVHKLJKULVHEXLOGLQJVREVWUXFWKHDWGLVVLSDWLRQE\DLUIORZDQGFRQILQHWKHUHIOHFWLRQRIVKRUWZDYH
UDGLDWLRQEDFNLQWRWKHDWPRVSKHUH
1.2. Hong Kong’s climate and urban heat island situation 
/RFDWHGDW1(+RQJ.RQJOLHVDORQJWKHVRXWKFRDVWRI&KLQD¶V3HDUO5LYHU'HOWD,WVVRXWKHDVW
$VLDQORFDWLRQJLYHVLWDVXEWURSLFDOFOLPDWHGRPLQDWHGE\WKHUHJLRQDOPRQVRRQFOLPDWLFV\VWHP1(ZLQWHUDQG6(
VXPPHUPRQVRRQZLQGVODUJHO\DIIHFW ORFDO WHPSHUDWXUHVDQGZHDWKHU7KH\EULQJKXPLGDQGKRWVXPPHUV
&!UHODWLYHKXPLGLW\DQGPLOGEXWGU\ZLQWHUVa&6HYHUHZHDWKHUFRQGLWLRQVRFFXUVHDVRQDOO\
WURSLFDO F\FORQHV DUH PRVW FRPPRQ LQ -XO\ DQG 6HSWHPEHU ZKLOH WKXQGHUVWRUPV DUH IUHTXHQW IURP $SULO WR
6HSWHPEHU

+RQJ .RQJ KDV EHHQ DIIHFWHG E\ FOLPDWH FKDQJH EULQJLQJ LQFUHDVLQJO\ ZDUPHU ZHDWKHU RYHU WKH \HDUV ,Q
FRQMXQFWLRQZLWKXUEDQL]DWLRQRYHUWKHODVWFHQWXU\WKHQXPEHURIKRWGD\V&LQ+RQJ.RQJKDVLQFUHDVHG
ZKLOH WKHFRROGD\V &GHFUHDVHGDQGDOO IRXU VHDVRQV HVSHFLDOO\ VSULQJDQGZLQWHUGLVSOD\HGZDUPLQJ
WUHQGV 6LQFH  FOLPDWHFKDQJH HIIHFW RQ +RQJ .RQJ¶V PHDQ WHPSHUDWXUH KDV FDXVHG DQ DYHUDJH GHFDGDO
LQFUHDVHRI&7KHDYHUDJHRIYHU\KRWGD\VLHGDLO\PD[LPXPWHPSHUDWXUH&SHUDQQXPZDVIRU
WKHSHULRGRIKRZHYHUWKHQXPEHURIYHU\KRWGD\VLQWKHODVWGHFDGHKDYHVXUJHGDERYHWKHDYHUDJH
ZLWKDQGYHU\KRWGD\VUHFRUGHGLQDQGUHVSHFWLYHO\$QLQFUHDVLQJWUHQGZDVDOVRREVHUYHGIRU
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WKHQXPEHURIKRW QLJKWV LH GDLO\PD[LPXP WHPSHUDWXUH&ZLWKKRWQLJKWV UHFRUGHG LQZKHQ
FRPSDUHGWRWKHDYHUDJHRI&UHFRUGHGIRUWKH\HDUSHULRGEHIRUH

1.3. The PCI effect and vegetative cooling 
7KHUHLVDGLYHUVHEDFNJURXQGRIVFLHQWLILFOLWHUDWXUHRQWKHDOOHYLDWLRQRIWKHXUEDQKHDWLVODQG,QXUEDQDUHDV
YHJHWDWHGSDUNVDUHXVXDOO\WKHFRROHVWSODFHVLQGD\WLPHHVSHFLDOO\LQDUHDVDIIHFWHGE\WKH8+,HIIHFWZKLFKLV
PRVW SURPLQHQW RQ FOHDU DQG FDOPZHDWKHU UHJDUGOHVV RI WKH WLPH RI GD\ ,Q WKHVH FLUFXPVWDQFHV D SDUN KRVWV
FRROHU WHPSHUDWXUHV DQG DUH UHIHUUHG WR DV D µSDUN FRRO LVODQG¶ 3&,  LQ FRPSDULVRQ ZLWK WKH KHDWHG XUEDQ
VXUURXQGLQJV 6RPH VWXGLHV IRFXV RQ WKH IRUPDWLRQ VWUHQJWK DQG H[WHQW RI WKH 3&, HIIHFW XVLQJ UHPRWH VHQVLQJ
WHFKQLTXHV IRUFLWLHV VXFKDV7DLSHLDQG6KDQJKDL0DQ\VWXGLHVDOVRPDGHXVHRI ILHOGH[SHULPHQWV WRFROOHFW
GDWDRQ3&,SHUIRUPDQFHLQDQXUEDQVHWWLQJ2WKHUVLQYHVWLJDWHGZKHWKHUSDUNVL]HDQGVKDSHKDYHDQHIIHFWRQ
WKH DIRUHPHQWLRQHG HOHPHQWV ,W LV JHQHUDOO\ EHOLHYHG WKDW URXQGHU SDUNV KDYH DQ H[WHQGHG 3&, HIIHFW  EXW
ZKHWKHUODUJHUSDUNVKDYHDVWURQJHU3&,HIIHFWLVFRQWHVWHG

7KHDFWXDOVWUHQJWKRI3&,GHSHQGVJUHDWO\RQXUEDQJHRPHWU\DVPDQPDGHOD\RXWVDQGVXUIDFHVZRXOGDIIHFWWKH
VSUHDGLQJRIFRRODLUIURPJUHHQDUHDVDQGUHIOHFWLRQRIVRODUUDGLDWLRQ7UHHVKDGHLVDQRWKHUVLJQLILFDQWIDFWRUDV
DVLPXODWLRQVWXG\GHPRQVWUDWHVWKDWLWPD\UHGXFHVRODUUDGLDWLRQIRUXSWR,WLVUDWKHUFHUWDLQWKDWVKDGLQJ
E\WUHHIROLDJHFRQWULEXWHVVLJQLILFDQWO\WRDVWURQJ3&,HIIHFW7KLVVHWWLQJFRXSOHGZLWKDJUDVVFRYHUHGJURXQGEDVH
SURYLGHV DQRWKHU SRVLWLYH ERRVW IRU FRROLQJ )XUWKHUPRUH LW ZDV IRXQG WKDW D VWUHHW ZLWK VLGHZDON WUHHV ZKLFK
SURYLGHGDPSOHVKDGHDQGHYDSRWUDQVSLUDWLRQWKDQVWUHHWVZLWKRXWDQGPRGHOLQJRIEXLOGLQJVZLWKJUHHQZDOOVDQG
URRIVVKRZHGDSRVVLEOHPD[LPXPUHGXFWLRQRI&LQWKHODWHVXPPHUDIWHUQRRQVLQ+RQJ.RQJ
1.4. Significance of the study 
0DNLQJ XVH RI YDULRXV YHJHWDWLRQ VHWWLQJV LQ D+RQJ.RQJ SHULXUEDQ JROI FRXUVH WKLVPLFURFOLPDWLF VWXG\
LQYHVWLJDWHVWKHGLIIHUHQWLDOFRROLQJHIIHFWRIDURXJKJUDVVDUHDDQGDZRRGODQGVWULS$FRQWUROVLWHLVVHWXSDWD
EDUUHQ FRQFUHWH URRIWRSZLWKLQ WKH JROI FRXUVH WRPLPLFZRUVWFDVHZHDWKHU FRQGLWLRQV0LFURFOLPDWH SDUDPHWHUV
LQFOXGLQJWHPSHUDWXUHUHODWLYHKXPLGLW\EODFNJOREHWHPSHUDWXUHDQGZLQGVSHHGDUHPRQLWRUHGWKURXJKRXWWKHKRW
DQGKXPLGVXPPHUPRQWKVRI-XQHWR$XJXVW

)RFXVLQJRQGLIIHUHQWLDOFRROLQJFDSDFLWLHVRIYHJHWDWLRQVHWWLQJV WKHVWXG\¶VXQLTXHGHVLJQGLIIHUV IURPVROHO\
3&,IRFXVHGVWXGLHVWKDWFRPSDUHWKHWHPSHUDWXUHRIDFHUWDLQSRLQWZLWKLQDXUEDQSDUNZLWKRWKHUORFDWLRQVDZD\
IURPWKHSDUN %\VHOHFWLQJUHSUHVHQWDWLYHDQGH[WHQVLYHVLWHVRIYHJHWDWLRQZLWKLQ WKHJROIFRXUVH WKHVWXG\ LV
DOVRDQWLFLSDWHGWRSURYLGHPRUHUHSUHVHQWDWLYHGDWDWKDQVPDOOSORWVVWXGLHVLQFRQILQHGFRXUW\DUGV$SSOLFDEOHWR
RWKHUWURSLFDOFLWLHVDVZHOOWKHVHUHVXOWVFDQLQIRUPUHPRGHOLQJDQGFRQVHUYDWLRQRIH[LVWLQJXUEDQJUHHQDUHDVWR
UHDSORQJWHUPLPSURYHPHQWVWRWKHHQYLURQPHQWDQGKXPDQZHOOEHLQJ

7KHVWXG\
2.1. Study area – the Hong Kong Golf Club 
$Q H[DPSOH RI RSHQ JUHHQ DUHD ZLWK PDLQO\ JUDVV FRYHU ZLWK GLVFRQWLQXRXV WUHH FDQRSLHV JROI FRXUVHV DUH
SRWHQWLDO3&,V LQDKHDWHGXUEDQ IDEULF/RFDWHG LQ)DQOLQJRI WKH+RQJ.RQJ1HZ7HUULWRULHV WKH+RQJ.RQJ
*ROI&OXE +.*& LV LQDQDUHDRI ORZEXLOGLQJGHQVLW\7KH+.*&LVDZHOOYHJHWDWHGVLWHRIKHFWDUHVRI
ZKLFK RYHU  DUH IRUHVWV LW LV ERUGHUHG E\ D OLQH RI WUHHVZLWKLQ IHQFLQJ WKDW FUHDWHV D EXIIHUZLWK WKH XUEDQ
FRQGLWLRQV LH PDLQ URDGV DURXQG WKH DUHD )XUWKHUPRUH RQO\ D FRQWUROOHG QXPEHU RI HOHFWULFDO JROI FDUWV DUH
DOORZHG WR RSHUDWHZLWKLQ WKH+.*&DUHDPLQLPL]LQJ WKH HIIHFW RI DQWKURSRJHQLF KHDW HJ YHKLFOH H[KDXVW DLU
FRQGLWLRQHUVRQPHDVXUHPHQWSORWVDQGDOORZLQJWKHDQDO\VLVWRIRFXVRQYHJHWDWLRQVWUHQJWKVDQGFKDUDFWHULVWLFV

629 Charmaine KW Fung and CY Jim /  Procedia Environmental Sciences  37 ( 2017 )  626 – 636 
2.2. Research design and data collection 
7KH VWXG\ LQYHVWLJDWHV WKH GLIIHUHQWLDO FRROLQJ FDSDFLWLHV RI SORWV ZLWK GLIIHUHQW YHJHWDWLRQ FRPSRVLWLRQ 6LWH
ORFDWLRQVZHUHGHFLGHGXSRQDIWHUVHYHUDOILHOGYLVLWVLQDURXJKJUDVVDUHD)LJDDQGDZRRGODQGVWULS)LJ
EZHUHFKRVHQDVUHSUHVHQWDWLYHSORWVIRUWKHVWXG\7RSURYLGHEDVHOLQHGDWDDFRQWUROVLWHDWDEDUUHQURRIWRSRID
WZRVWRU\EXLOGLQJZLWKLQWKHJROIFRXUVHZDVDOVRVHWXS

6WDJQDQW DLUIORZ DQG ZLQG EORFNDJH DUH LGHQWLILHG DV ELRPHWHRURORJ\ SUREOHPV LQ WKH XUEDQ DUHDV RI +RQJ
.RQJDQGWKHODFNRIWUHHVKDGHLQSDUNVDQGXUEDQDUHDVVHHPLQLPDOSRVVLELOLWLHVIRURXWGRRUWKHUPDOFRPIRUWLQ
VXPPHULQ+RQJ.RQJ7KHURXJKJUDVVDUHDLVDYDVWDUHDRIRSHQH[SRVHGJUDVVODQGERUGHUHGE\WKHURZRIWUHHV
WKDWEXIIHUVEHWZHHQWKHJROIFRXUVHDQGWKHPDLQURDG7KHZRRGODQGVWULSLVORFDWHGLQWKHKHDUWRIWKHJROIFRXUVH
FKDUDFWHUL]HGE\DJUDVVJURXQGFRYHUGRWWHGZLWKDYDULHW\RIWUHHVZKLFKSURYLGHVKDGH%RWKYHJHWDWLRQVHWWLQJVDUH
ODUJHO\VRXJKWDIWHUE\JUHHQHU\GHSULYHG+RQJ.RQJUHVLGHQWVDVDEDFNGURSIRURXWGRRUUHFUHDWLRQDFWLYLWLHVVXFK
DVSLFQLFNLQJDQGSOD\LQJJDPHV7KHVHVHWWLQJVKRZHYHUDUHHLWKHUQRQH[LVWHQWRULQDFFHVVLEOHZLWK+RQJ.RQJ
XUEDQSDUNV7KLVVWXG\ZRXOGEHDEOHWRVKHGOLJKWRQWKHPLFURFOLPDWLFUHODWHGSRLQWVWRQRWHZKHQLQVWDOOLQJWKHVH
GHVLJQVLQIXWXUHSDUNUHQRYDWLRQDQGPDQDJHPHQW

$OO FRQWURO DQG WUHDWPHQW SORWV ZHUH ILWWHG ZLWK WKH VDPH VHW RI HTXLSPHQW ZKLFK UHFRUGHG WKH IROORZLQJ
PLFURFOLPDWLF GDWD L DLU WHPSHUDWXUH DW  FP LL UHODWLYH KXPLGLW\ DW  FP LLL ZLQG VSHHG LY ZLQG
GLUHFWLRQ YZHWEXOE WHPSHUDWXUH YLEODFNJOREH WHPSHUDWXUHDQG YLL LQFRPLQJDQGRXWJRLQJUDGLDWLRQ'DWD
ORJJHUV DUH SURJUDPPHG WR UHFRUG GDWD DW PLQXWH LQWHUYDOV DQG DUH FRQQHFWHG WR D SKRWRYROWDLF SDQHO RU D
UHFKDUJHDEOHEDWWHU\

6HWWLQJ XS RIPRQLWRULQJ HTXLSPHQW EHJXQ HDUO\0D\  SLORW WHVWLQJ RI WKH HTXLSPHQW IROORZHG DQGZDV
FRPSOHWHG ZLWKLQ WKH PRQWK 'DWD FROOHFWLRQ RIILFLDOO\ EHJDQ RQ  -XQH  'DWD FROOHFWLRQ IRU WKH VWXG\ LV
SODQQHGIRU-XQHWR$XJXVWFRYHULQJWKHHQWLUHVXPPHUZKLFKEULQJVKRWDQGKXPLGZHDWKHUFRQGLWLRQVWRWKH
FLW\ ,W LV H[SHFWHG WKDW PLFURFOLPDWLF GDWD RI VXQQ\ FORXG\ DQG UDLQ\ GD\V ZLOO EH FROOHFWHG IRU HDFK W\SH RI
ZHDWKHU FRQGLWLRQ DW OHDVW WZR UHSUHVHQWDWLYH GD\V LH KRXU LQWHUYDOV EHJLQQLQJZLOO EH XVHG IRU GDWD
DQDO\VLV



 
)LJ7UHDWPHQWSORWV±DURXJKJUDVVDUHDDQGEZRRGODQGVWULS



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3UHOLPLQDU\UHVXOWVDQGGLVFXVVLRQ
$VWKLVSDSHULVZULWWHQLQ-XO\LWKDVRQO\WDNHQLQWRFRQVLGHUDWLRQGDWDIUHVKO\UHDSHGIURPWKHSUHFHGLQJ
PRQWKDQGQRIXUWKHUDVWRDOORZVXIILFLHQWWLPHIRUDQDO\VLV'DWDIRUDQDO\VLVZHUHVHOHFWHGEDVHGRQPLFURFOLPDWLF
OHYHOV UHFRUGHG DW WKH FRQWURO VLWH PDLQO\ WDNLQJ LQWR FRQVLGHUDWLRQ WKH GDLO\ VXQVKLQH GXUDWLRQ DQG DPRXQW RI
UDLQIDOO7KHPRQWKRI-XQHZDVGRPLQDWHGE\FOHDUVN\DQGVXQQ\GD\V±WRKRXUVRIVXQVKLQHGXUDWLRQ
DQGQRUDLQIDOO7KLVUHVXOWHGLQDELDVHGFROOHFWLRQRIGDWDRIPDLQO\VXQQ\GD\VZLWKDVKRUWDJHRIUHSUHVHQWDWLYH
UDLQ\RUFORXG\GD\V7ZRRIWKHKRWWHVWVXQQ\GD\VQDPHO\-XQHDQG-XQHZHUHFKRVHQIRUSUHOLPLQDU\
DQDO\VLVLQWKLVSDSHU7KHODWWHUGD\ZDVWKHKRWWHVWLQ-XQHDVVLPLODUO\UHFRUGHGDWWKH+RQJ.RQJ2EVHUYDWRU\¶V
+.2QHDUE\6KHXQJ6KXLZHDWKHU VWDWLRQZLWK WKHGDLO\PD[LPXP WHPSHUDWXUHRI&7KH WKUHVKROG IRU
GDWD FROOHFWLRQ WR TXDOLI\ DV D µUDLQ\¶ RQH LV UDLQIDOO RI !PP WKLVZDV RQO\PHW DW WKUHH LQFLGHQFHV RI GDWD
ORJJLQJGXULQJWKHZKROHPRQWKDQGLVLQVXIILFLHQWIRUPHDQLQJIXOUHVXOWV,WLVSURMHFWHGWKDWUDLQVZLOODSSURDFKWKH
WHUULWRU\ LQ -XO\ DQG$XJXVW DV D UHVXOW RI WKH VXPPHUPRQVRRQDQG W\SKRRQVZKLFKRULJLQDWH IURPVRXWKHDVWRI
+RQJ.RQJ

3.1. General weather of June 2016 
)RU+RQJ.RQJWKHPRQWKRI-XQHKDGDPHDQWHPSHUDWXUHRI&ZKLFKZDV&DERYHQRUPDO7KH
PHDQPD[LPXPWHPSHUDWXUHZDVHYHQ&DERYHQRUPDODW&PD[LPXPWHPSHUDWXUHVRIEHORZ&ZHUH
UHFRUGHGIRUDPHUHWKUHHGD\VZLWKLQWKHPRQWK'HVSLWHVHYHUDOLVRODWHGHSLVRGHVRIWRUUHQWLDOUDLQWKHPRQWKO\
UDLQIDOOZDVRQO\PPZKLFKZDVRYHUPPEHORZQRUPDO'DWDIURPWKH+.2ZHDWKHUVWDWLRQDW6KHXQJ
6KXLLQGLFDWHGWKDWWKHDUHDZDVHYHQKRWWHUZLWKWKHPHDQGDLO\PD[LPXPRI&DQGDPRQWKO\UDLQIDOORI
PP
3.2. Overview of daily meteorological observations on selected days 
7KHGD\VRIDQG-XQHDUHVHOHFWHGIRUDQDO\VLVGXHWRWKHUHFRUGRIUHSUHVHQWDWLYHO\KLJKWHPSHUDWXUHV
DQG IXOILOOPHQW RI WKH UHTXLUHPHQWV RI D µVXQQ\GD\¶$LU WHPSHUDWXUHPHDVXUHPHQWV DW P LQGLFDWHG WKDW WKH
DYHUDJHGDLO\WHPSHUDWXUHRIWKHWZRGD\VZDV&DWWKHFRQWUROVLWHWKLVZDVKLJKHUWKDQERWKWHPSHUDWXUHVDW
WKH URXJK JUDVV DUHD & DQG ZRRGODQG VWULS & 7KHPHDQ UHODWLYH KXPLGLW\ DW WKH FRQWURO VLWH ZDV
ZKHUHDV WKH URXJKJUDVV DUHDDQGZRRGODQG VWULSZHUHPRUHKXPLGDWDQGUHVSHFWLYHO\$OO
WKUHHVLWHVKDGDZLQGVSHHGUDQJLQJIURPWRPV
3.3. Detailed observations of selected dates 
)RUERWKGD\VRIDQG-XQHUHFRUGVRILQFRPLQJVRODUUDGLDWLRQDWWKHFRQWUROVLWHLQGLFDWHGWKDWVXQULVH
DQGVXQVHWRFFXUUHGDURXQGDQG,QJHQHUDOGDLO\PLQLPXPVRUUHODWLYHO\ORZWHPSHUDWXUHVDUHIRXQG
EHIRUHVXQULVHDIWHUD ORQJQLJKWRIFRROLQJDQG WKHKHDWFROOHFWHGIURPWKHSUHYLRXVGD\KDVGLVVLSDWHG WRD ODUJH
H[WHQW 7KH GDLO\ DYHUDJH WHPSHUDWXUH RQ  -XQH ZDV KLJKHU EXW LW ZDV DOVR D GULHU GD\ DV UHIOHFWHG E\ ORZHU
DYHUDJHUHODWLYHKXPLGLW\OHYHOV7DEOH2QDQG-XQHUHVSHFWLYHO\WKHGD\¶VPLQLPXPRI&DQG&
ZHUHUHFRUGHGDWWKHFRQWUROVLWHH[DFWO\DWDVVXPHGWLPHRIVXQULVH7DEOHWKLVZDVDOVRWUXHIRUWKHJUDVVDQG
ZRRGODQGSORWVDWRUEHIRUHVXQULVH$VWKHGD\VHWVLQSORWWHPSHUDWXUHVVWDUW WRLQFUHDVHDIWHUZDUGVDVLQFRPLQJ
VRODUUDGLDWLRQJUDGXDOO\LQFUHDVHVZLWKKLJKHUDQJOHVRIWKHVXQ0LQRUWHPSHUDWXUHGHSUHVVLRQVGXULQJGD\WLPHRQD
VXQQ\GD\ZRXOGPRVWO\EHDWWULEXWDEOHWRFORXGPRYHPHQWVZKLFKFUHDWHLQWHUPLWWHQWEORFNDJHWKHVHWLPHVWDPSV
ZHUHFURVVUHIHUHQFHGZLWKWKHGDWDRILQFRPLQJVRODUUDGLDWLRQDQGZHUHPDWFKHGZLWKORZHUUHDGLQJV

)RU DOO SORWVRQERWKGD\V GDLO\PD[LPXPVZHUH UHFRUGHGEHWZHHQ WR  DQGKLJKHVW UHFRUGVZHUH
IRXQGDW WKHFRQWUROSORW -XQH&-XQH& 7KHZRRGODQGSORWZDVFRROHVWZLWKPD[LPXPVRI
&-XQHDQG&-XQH'LXUQDOWHPSHUDWXUHUDQJHVIRUWKHSORWVVSDQQHGIURP&WR&ZLWK
ODUJHU UDQJHV IRXQG RQ -XQH7KH URXJK JUDVV DUHD KDG WKH ODUJHVW GLXUQDO UDQJH & RQ -XQHZKLOH WKH
ODUJHVWUDQJHRQ-XQHZDVIRXQGDWFRQWURO&7KHDPRXQWRIGDLO\DYHUDJHLQFRPLQJVRODUUDGLDWLRQ
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:PZDVORZHVWDWWKHZRRGODQGVWULSGXHWRWKHEDUULHUVFUHDWHGE\WUHHIROLDJHZKLOHWKHH[SRVHGSORWVRIFRQWURO
DQGURXJKJUDVVDUHDUHFHLYHG!:PRQDYHUDJH


7DEOH.H\PLFURFOLPDWLFUHFRUGLQJVDWDOOSORWVRQ-XQHDQG-XQH
'DWH -XQH  -XQH
3ORW &RQWURO 5RXJKJUDVVDUHD
:RRGODQG
VWULS
 &RQWURO 5RXJKJUDVVDUHD
:RRGODQG
VWULS
$YHUDJHWHPSHUDWXUH&       
$YHUDJHUHODWLYHKXPLGLW\       
$YHUDJHZLQGVSHHGPV       
$YHUDJHLQFRPLQJVRODUUDGLDWLRQ:P       
0LQLPXPWHPSHUDWXUH&       
5HFRUGLQJWLPH      
0D[LPXPWHPSHUDWXUH&       
5HFRUGLQJWLPH       
'LXUQDOUDQJH&       


6RPHDQRPDOLHVZHUHREVHUYHGIRU-XQHDQGZLOOEHUHSRUWHGKHUH)LUVWDVXGGHQGURSLQDLUWHPSHUDWXUHDW
DOO WKUHHVLWHVDW)LJEZHUHUHFRUGHGE\&FRQWURO&JUDVVDQG&ZRRGODQGGXULQJ
SHDN WLPHV7KH\PD\EHH[SODLQHGE\D WKLFNRYHUFDVW WKDW UHGXFHG VRODU UDGLDWLRQDW WKHFRQWURO DQGJUDVV VLWHV
IURPRYHU:PWREHORZ:PDQGDGHFUHDVHIURPDURXQG:PWR:PDWWKHZRRGODQGVLWH
6HFRQG WKH VKDUS GURS RI WHPSHUDWXUH DW WKH JUDVV VLWH UHFRUGHG DW  E\ & WKHUH ZDV D VLPXOWDQHRXV
LQFUHDVHLQWKHDPRXQWRIRXWJRLQJVRODUUDGLDWLRQIURP:PWR:PDQG:P,WLV
VSHFXODWHG WKDW DQRYHUFDVWLQJFORXGZDV VXGGHQO\GLVSODFHG IURPDERYH WKH VLWHE\ VWURQJZLQGV LQ WKH VN\EXW
VLQFHWKHUHLVQRGDWDWRYHULI\WKLVSOXQJHWKHGDWDDWWLPHSRLQWVDQGDUHHOLPLQDWHGIURPWKH3&,LQGH[
DQDO\VLV

 
)LJ7ZHQW\IRXUKRXUSURILOHRIDLUWHPSHUDWXUHVUHFRUGHGDWWKHJUDVVZRRGODQGDQGFRQWUROSORWV
D -XQH E -XQH

3.4. Temperature difference between vegetated plots and control 
7KHSDUNFRROLQJHIIHFWUHIOHFWVWKHGLIIHUHQFHEHWZHHQYHJHWDWHGSORWVDQGWKDWRIWKHFRQWUROZKLFKPLPLFVWKH
WHPSHUDWXUH LQ WKH XUEDQ DUHD7KH WHPSHUDWXUH GLIIHUHQFH LV FDOFXODWHG E\ VXEWUDFWLQJ WKH WHPSHUDWXUH DW FRQWURO
IURPWKDWDWWKHJUDVVDQGZRRGODQGVLWHVDFRROHUYHJHWDWHGVLWHZRXOGUHVXOWLQDQHJDWLYHILJXUHZKLFKUHSUHVHQWVD
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SRVLWLYH 3&, LQGH[ )LJ D DQG E :KHQ FRPSDUHG WR WKH FRQWURO VLWH DV WKH EDVH FDVH WKH URXJK JUDVV DUHD
GLVSOD\HG DQ DYHUDJH GDLO\ WHPSHUDWXUH GLIIHUHQFH LH 3&, LQGH[ RI & DQG & RQ  DQG  -XQH
UHVSHFWLYHO\/DUJHUDYHUDJH3&,LQGH[HVRI&DQG&ZHUHIRXQGDWWKHZRRGODQGVWULSIRUWKHWZRGD\V
7KH WZRGD\DYHUDJH LQGLFDWHG WKDW WKHZRRGODQG VWULSKDVDVWURQJHU3&,HIIHFW & WKDQ WKH URXJK
JUDVVDUHD&


 
)LJ7HPSHUDWXUHGLIIHUHQFHVEHWZHHQWKHJUDVVDQGZRRGODQGSORWVUHODWLYHWRWKHFRQWUROSORW
D-XQH E-XQH


%RWKWKHJUDVVDQGZRRGODQGSORWVGLVSOD\PD[LPXPWHPSHUDWXUHGLIIHUHQFHVDWWKHVDPHWLPHVIRUERWKGD\V$W
RQ-XQHPD[LPXPWHPSHUDWXUHGLIIHUHQFHVRI&DQG&ZHUHIRXQGDWWKHJUDVVDQGZRRGODQG
SORWV UHVSHFWLYHO\ )LJ D7KHRWKHU GD\  -XQH VDZ VWURQJHVW SDUN FRROLQJ HIIHFWV DW ZLWK JUDVV DQG
ZRRGODQGSORWVGLVSOD\LQJ WHPSHUDWXUHVGLIIHUHQFHVRI &DQG&UHVSHFWLYHO\ )LJE)RUERWKGD\V
WKH3&,DWWKHURXJKJUDVVDUHDZDVZHDNHVWLQWKHPRUQLQJEHIRUH±WHPSHUDWXUHVWKHUHZHUH&
-XQH DQG &   -XQH KLJKHU WKDQ DW WKH FRQWURO 2Q WKH RWKHU KDQG GHVSLWH ZHDNHVW 3&,V DW WKH
ZRRGODQGVWULSDWRQ-XQH&DQGRQ-XQH&WHPSHUDWXUHVDWWKLVYHJHWDWLRQVHWXS
ZHUHDOZD\VORZHUWKDQWKDWDWFRQWURO)RUWKHURXJKJUDVVDUHDVRPHRISRVLWLYH3&,YDOXHVZHUHUHFRUGHG
PHDQLQJWKDWWKHJUDVVDUHDZDVKRWWHUWKDQWKHEDVHFDVHLQWKHVHLQVWDQFHVZKLFKZHUHFOXVWHUHGEHWZHHQDQG
IRUERWKGD\V

3.5. Physiological equivalent temperature (PET) analysis 
$SUHOLPLQDU\3(7DQDO\VLVZDVFRQGXFWHGZLWKWKHVRIWZDUHRayman 1.2WKH3(7VFDOHZDVFKRVHQGXHWRLWV
ZLGHDSSOLFDWLRQDQGUHFRJQLWLRQE\DFDGHPLFVWXGLHVDQGHDVHRIFRPSUHKHQVLRQZLWKWKHXVHRIWKHGHJUHHV&HOVLXV
&DVLWVXQLW3(7LVDOVRDQDSSURSULDWHLQGLFDWRUIRU\HDUURXQGWKHUPDOFRPIRUWDQDO\VLVRIGLIIHUHQWFOLPDWHV
3(7LVFDOFXODWHGWRLGHQWLI\WKHUPDOVWUHVVOHYHOVZKLFKFRUUHVSRQGLQGLYLGXDOO\WRDOHYHORIWKHUPDOFRPIRUWWKH
UHOHYDQWUDQJHFRQFHUQHGLQWKLVVWXG\LVSUHVHQWHGLQ7DEOH/RZHUOHYHOVRIKHDWVWUHVVZRXOGLQFUHDVHWKHUPDO
FRPIRUWDQGORZHUWKHFKDQFHVRIDGYHUVHKHDOWKHIIHFWVHJKHDWVWURNHKHDUWFRQGLWLRQV


7DEOH5DQJHVRIKHDWVWUHVVOHYHODQGWKHUPDOSHUFHSWLRQLQFRUUHVSRQGHQFHWR3(7
3(7& +HDWVWUHVVOHYHO 7KHUPDOSHUFHSWLRQ 
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!±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!± 0RGHUDWHKHDWVWUHVV :DUP 
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  $GDSWHGIURP0DW]DUDNLVHWDO

%DVHGRQWKHDERYHILQGLQJVUHJDUGLQJ3&,VWUHQJWKVWKHWLPHVRIRQ-XQHDQGRQ-XQHZHUH
FKRVHQWRUHSUHVHQWVWURQJ3&,VFHQDULRV7KHWLPHVRIRQ-XQHLVFKRVHQWRUHSUHVHQWDZHDN3&,VFHQDULR
7KHDYHUDJHGDWDIURPWKHWZRVHOHFWHGGD\VZHUHHPSOR\HGLQWKHDQDO\VLV$VLWLVVXPPHUWLPHWKHFORWKLQJLQGH[
LVDVVXPHGWREHDWZLWKWKHFRPELQDWLRQRIVKRUWVOHHYHVDQGVKRUWV$VVXPSWLRQVZHUHPDGHDFFRUGLQJWRD
PDOHRI\HDUVROGFPWDOODQGZHLJKLQJNJ%RWKSK\VLFDODFWLYLWLHVRIUHOD[HGVWDQGLQJ:PDQG
PRGHUDWHZDONLQJ:PDWDSDFHRINPKZHUHWHVWHGZLWKPHWDEROLVPYDOXHVWDNHQIURPWKH$6+5$(
VWDQGDUGV 7KH VN\YLHZ IDFWRU 69) ZDV FDOFXODWHG E\ Rayman IURP ILVKH\H SKRWRV WDNHQ ZLWK D 6,*0$
FLUFXODUILVKH\HOHQVPPDWDKHLJKWRIFP3URGXFHGLQ-XQHWKHSKRWRVDFFXUDWHO\SRUWUD\WKH
RYHUKHDGYHJHWDWLRQGXULQJ WKH LQYHVWLJDWHGSHULRG7KH69)RI WKHFRQWUROJUDVV DQGZRRGODQGSORWV DUH
DQGUHVSHFWLYHO\WKHEDUUHQURRIWRSDVFRQWUROLVPRVWH[SRVHGZKLOHWKHZRRGODQGVWULSLVPRVWVKDGHG

7KH 3(7 YDOXHV FDOFXODWHGZLWK WKHRayman PRGHO LV SUHVHQWHG LQ 7DEOH  )RU DOO VFHQDULRV DQG FDVHV WKH
KLJKHVW3(7ZDVIRXQGDWWKHFRQWUROZKHUHVL[RXWRIHLJKWVFHQDULRVUHVXOWHGLQVWURQJRUDERYHKHDWVWUHVVOHYHOV
7KHPHDQUDGLDQW WHPSHUDWXUHDWFRQWUROZDVFDOFXODWHGDW&-XQHZKLOHSHDN3(7VRIDW&
LHSHUVRQVWDQGLQJDQG&SHUVRQZDONLQJZHUHGLVSOD\HGLQWKHVDPHVFHQDULR,QVRPHRIWKH
LOOXVWUDWHG FDVHV YHJHWDWLRQ LQ WKH WZR WUHDWPHQW SORWZDV DEOH WR ORZHU WKH KHDW VWUHVV OHYHO E\ RQH LQGH[ZKHQ
FRPSDUHGWRFRQWURO(YHQLQWKHFDVHRIDZHDN3&,-XQH WKHZRRGODQGVWULSZRXOGGHOLYHUD&
3(7GLIIHUHQFH IRU DZDONLQJSHUVRQZKHQFRPSDUHG WR WKH FRQWURO+HDW VWUHVVZDV HYHQ ORZHUHGE\ WZR OHYHOV
IURPµH[WUHPH¶WRµPRGHUDWH¶7KLVODUJHUHGXFWLRQRI3(7ORZHUVDZDONLQJSHUVRQ¶VWKHUPDOSHUFHSWLRQRIµYHU\
KRW¶DWFRQWUROWRµZDUP¶LIKHLVUHVLWXDWHGDQGZDONVLQWKHZRRGODQGVWULS


7DEOH3(7RIVWDQGLQJDQGZDONLQJDWVWURQJDQGZHDN3&,VFHQDULRVDOOXQLWVDUHLQ&
6WURQJ3&,VFHQDULRV
'DWHDQGWLPH -XQH -XQH
3ORW &RQWURO 5RXJKJUDVVDUHD
:RRGODQG
VWULS &RQWURO
5RXJK
JUDVVDUHD
:RRGODQG
VWULS
3&,      
0HDQUDGLDQWWHPSHUDWXUH      
3(7RIVWDQGLQJSHUVRQ      
+HDWVWUHVVOHYHO 6WURQJ 0RGHUDWH 0RGHUDWH ([WUHPH 6WURQJ 6WURQJ
3(7GLIIHUHQFHWRFRQWURO       
3(7RIZDONLQJSHUVRQ      
+HDWVWUHVVOHYHO 6WURQJ 0RGHUDWH 0RGHUDWH ([WUHPH 6WURQJ 6WURQJ
3(7GLIIHUHQFHWRFRQWURO       

:HDN3&,VFHQDULRV
'DWHDQGWLPH -XQH  -XQH
3ORW &RQWURO 5RXJKJUDVVDUHD
:RRGODQG
VWULS &RQWURO
5RXJK
JUDVVDUHD
:RRGODQG
VWULS
3&,      
0HDQUDGLDQWWHPSHUDWXUH      
3(7RIVWDQGLQJSHUVRQ      
+HDWVWUHVVOHYHO ([WUHPH 0RGHUDWH 0RGHUDWH 0RGHUDWH 0RGHUDWH 0RGHUDWH
3(7GLIIHUHQFHWRFRQWURO       
3(7RIZDONLQJSHUVRQ      
+HDWVWUHVVOHYHO ([WUHPH 6WURQJ 0RGHUDWH 0RGHUDWH 0RGHUDWH 0RGHUDWH
3(7GLIIHUHQFHWRFRQWURO       
+HDWVWUHVVOHYHOVDQGFRUUHVSRQGLQJ3(71RWKHUPDOVWUHVV!WR&VOLJKWKHDWVWUHVV!WR&PRGHUDWHKHDWVWUHVV
!WR&VWURQJKHDWVWUHVV!WR&DQGH[WUHPHKHDWVWUHVV!&

3.6. Discussion 
6FUXWLQ\RIWKHKRXUDLUWHPSHUDWXUHREVHUYDWLRQV3&,FDOFXODWLRQVDQG3(7DQDO\VLVKDVVHWRXWWKHIROORZLQJ
ILQGLQJV7KHFRQWURORQWKHEDUHURRIWRSKDVHIIHFWLYHO\UHFRUGHGZRUVWFDVHFRQGLWLRQVRIKLJKHVWDLUWHPSHUDWXUHV
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DQG!&RIPHDQUDGLDQWWHPSHUDWXUHVZKLFKFUHDWHGFRQGLWLRQVIRUH[WUHPHKHDWVWUHVV7KHFRROLQJDELOLW\RIWKH
ZRRGODQGVWULSVXUSDVVHVWKDWRIWKHURXJKJUDVVDUHDZLWKKLJKHUDEVROXWHPD[LPXP&DQGGDLO\DYHUDJH
&3&,LQGH[HV$VIRUWKHURXJKJUDVVDUHDD&WZRGD\DYHUDJH3&,ZDVUHFRUGHGDQGWKHPD[LPXP
3&, ZDV & +RZHYHU WKH DUHD LV DOVR VXVFHSWLEOH WR PRUH UDSLG KHDWLQJ WKDQ WKH FRQWURO LQ WKH PRUQLQJ
UHVXOWLQJLQVHYHUDOLQVWDQFHVRIKLJKHUDLUWHPSHUDWXUHV$VWHVWHGZLWKWKHDFWLYLWLHVRIZDONLQJDQGVWDQGLQJGXULQJ
DVXQQ\GD\LQ+RQJ.RQJVXPPHUWLPHDKLJKHUOHYHORIWKHUPDOFRPIRUWFRXOGEHH[SHULHQFHGLQDZRRGODQGVWULS
IROORZHG E\ URXJK JUDVV DUHD ,W ZRXOG EH H[WUHPHO\ KHDW VWUHVVIXO DQG SK\VLRORJLFDOO\ XQEHDUDEOH WR FRQGXFW
DFWLYLWLHVRQH[SRVHGEDUHFRQFUHWHVXUIDFHV

7KHUHVXOWVRIWKLVVWXG\LVLQOLQHZLWKWKHJHQHUDODFDGHPLFDJUHHPHQWWKDWWUHHVDUHWKHPRVWHIILFLHQWFRROLQJ
HOHPHQWVLQSDUNVZLWKPXFKEHWWHUSHUIRUPDQFHWKDQJUDVVVXUIDFHVDORQH)ROLDJHFDQVKDGHVRODUUDGLDWLRQ
ZKLOHFUHDWLQJFRROHUWHPSHUDWXUHVWKURXJKHYDSRWUDQVSLUDWLRQFUHDWLQJPRUHFRPIRUWDEOHWHPSHUDWXUHVIRUSHRSOH
,QIDFWWUHHVKDGHPD\FRQWULEXWHXSWRRIWKHFRROLQJHIIHFW)XUWKHUPRUHVWXGLHVIRXQGWKDWODQGFRYHUZLWK
WUHHVDQGJUDVVVLPLODUWRWKHZRRGODQGVWULSLQWKLVVWXG\LVWKHPRVWHIILFLHQWLQFRROLQJ$VLPXODWLRQVWXG\E\
6KDVKXD%DUDQG+RIIPDQIRXQGWKDWWUHHVKDGHFRYHUDJHDQGWUHHFOXVWHUJHRPHWU\GHWHUPLQHVWKHFRROLQJHIIHFW
RIWUHHV+ROGLQJWUHHVKDGHFRYHUDJHWUHHFOXVWHUVZLWKVPDOOHUKHLJKWZLGWKUDWLRVKDYHVWURQJHUFRROLQJHIIHFWVDV
WKHUHLVDVPDOOHUDPRXQWRIDLUWUDSSHGLQWKHFOXVWHUWREHFRROHG$VPDOOSORWVVWXG\IRXQGWKDWWUHHVKDGHFRQILQHV
WKH UDWH RIJOREH WHPSHUDWXUH LQFUHDVH WR WR WLPHV RISORW DLU WHPSHUDWXUH ULVHZKLOH JOREH WHPSHUDWXUH DW
H[SRVHGSORWVRIFRQFUHWHDQGJUDVVVXUJHDWUDWHRIWR

7KHURXJKJUDVVDUHDZDVIRXQGWRKDYHZHDNHU3&,DELOLWLHVLQSUHYLRXVVWXGLHVXQVKDGHGJUDVVVXUIDFHVZHUH
IRXQG WR EH HYHQ PRUH KHDWHG WKDQ VXUURXQGLQJ XUEDQ DUHDV LQ GD\WLPH KRVWLQJ WKH OHDVW FRPIRUWDEOH WKHUPDO
FRQGLWLRQVDW!&KLJKHUWKDQWKHFRROHVWSDUNLQWKHVDPHVWXG\8QGHUWKHOLPLWDWLRQRIVKDGHOHVVVLWXDWLRQVDQG
WKDW HYDSRUDWLYH FRROLQJ E\ JUDVV LV UHVWULFWHG WR WKH JURXQG OHYHO XQVKDGHG JUDVV ZRXOG SURYLGH PLQLPDO
LPSURYHPHQWRIWKHUPDOFRPIRUWDQGQHJOLJLEOH3&,FRQWULEXWLRQ

5HVHDUFKRXWORRN
3UHOLPLQDU\ILQGLQJVRI WKLVVWXG\KDYHHVWDEOLVKHGEDVLFVWUHQJWKVRI WKHZRRGODQGVWULSZLWKJUDVVEDVHDVD
FRROLQJDJHQWGXULQJWKHVXQQ\VXPPHUGD\RI+RQJ.RQJLQ-XQH$OWKRXJKWKHURXJKJUDVVDUHDGRHVQRWDSSHDU
WR SHUIRUP WRR ZHOO LQ WKLV DVSHFW DQ\ GUDZLQJ RI FRQFOXVLRQV LV WRR HDUO\ DV WKH RYHUDOO SHUIRUPDQFH RI WKHVH
YHJHWDWLRQVHWWLQJVFDQRQO\EHGHWHUPLQHGDIWHUDOOGDWDLVFROOHFWHGDIWHU$XJXVW7KHDERYHDQDO\VLVRIVXQQ\GD\
GDWD ZLOO EH UHSHDWHGZLWK D ODUJHU EDVH RI UHSUHVHQWDWLYH GD\VZKLFK LV H[SHFWHG WR DFFXPXODWH WKURXJKRXW WKH
PRQWKV,WLVDOVRLPSRUWDQWWRVFUXWLQL]HYHJHWDWLYHFRROLQJXQGHUGLIIHUHQWZHDWKHUFRQGLWLRQVDQGWKHVWXG\LV\HW
WRUHDSXVDEOHGDWDRQUDLQ\GD\V

7KHUH LVDQH[SDQVLYHRXWORRN IRUGDWDDQDO\VLV LQFOXGLQJ LQYHVWLJDWLRQRIFRUUHODWLRQVEHWZHHQ WKHSORWV¶3&,
LQGH[69)DQGRWKHUPLFURFOLPDWLFSDUDPHWHUVHJ LQFRPLQJVRODUUDGLDWLRQ3(7DQDO\VLVZLOODOVREURDGHQ WR
LQFOXGH PRUH SK\VLFDO DFWLYLWLHV DQG ZLWK D ZLGHU VFRSH RI EDFNJURXQG ZHDWKHU SDUDPHWHUV DQG LQWHUSORW
FRPSDULVRQRI3&,SHUIRUPDQFHXQGHUGLIIHUHQWZHDWKHUFRQGLWLRQVZLOOEHFDUULHGRXW7KHRXWFRPHVZRXOGEHQHILW
VPDUWDQGDSSURSULDWHGHVLJQDQGFRQVHUYDWLRQRIXUEDQJUHHQVSDFHVDVFRROLVODQGV+RQJ.RQJDQGRWKHUWURSLFDO
FLWLHVZLWKIXUWKHUSURMHFWLRQRIORQJWHUPHQYLURQPHQWDOEHQHILWVERWKORFDOO\DQGJOREDOO\

$FNQRZOHGJHPHQWV
:H ZRXOG OLNH WR WKDQN WKH +RQJ .RQJ *ROI &OXE IRU VXSSRUWLQJ WKH VWXG\ WKURXJK D UHVHDUFK JUDQW DQG
SHUPLWWLQJXVWRFRQGXFWGDWDFROOHFWLRQDWWKHLU)DQOLQJ*ROI&RXUVHV

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